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INTRODUCTION		The	Royal	Society	(RS)	and	Russian	Academy	of	Sciences	(RAN)	agreed	to	hold	meetings	to	discuss	future	collaborative	research	directions	in	different	areas	of	mutual	scientific	interest.	The	first	theme	to	be	selected	was	palaeontology,	and	a	Royal	Society	delegation	of	six	palaeontologists	travelled	to	Russia	in	October	2016	to	explore	possible	collaborations	with	their	Russian	counterparts.	Co-chaired	by	Professor	Mike	Benton	FRS	(Bristol)	and	Professor	Sergei	Rozhnov,	Director	of	the	Palaeontological	Institute	(PIN)	and	colleagues,	it	featured	a	diversity	of	presentations	encompassing	a	vast	range	of	geological	time,	from	the	Precambrian	to	the	emergence	of	Homo	sapiens.		 In	this	account,	we	provide	a	perspective	from	the	British	side	of	the	meeting,	outlining	themes	that	were	presented	and	discussed	during	a	day	of	symposium	presentations	at	the	Borissiak	Paleontological	Institute,	Moscow	(PIN),	a	key	division	of	RAN.	Sections	of	this	paper	were	written	as	follows:	Introduction	(M.J.B.),	The	early	years	of	collaboration	(M.J.B.),	Exceptional	preservation	reveals	the	early	evolution	of	life	in	the	oceans	(DEGB),	Terrestrialisation,	early	plants	and	changing	earth	systems	(D.E.),	Documenting	major	evolutionary	transitions	–	the	first	tetrapods	(J.C.),	The	impact	of	mass	extinctions	on	the	history	of	life	(M.J.B.),	The	early	human	occupation	of	Britain	(C.B.S.	and	J.G.-W.),	and	Conservation	palaeobiology	(S.T.T.)		 THE	EARLY	YEARS	OF	COLLABORATION		 Collaborations	between	Russian	and	British	earth	scientists	and	palaeontologists	began	at	the	very	roots	of	geology	as	a	science.	An	unusual	early	manifestation	was	an	article	entitled	‘Geological	sketch	of	the	environs	of	Petersburg’	published	in	the	
Transactions	of	the	Geological	Society	of	London	in	1821.	The	author	was	William	Fox-Strangways,	4th	Earl	of	Ilchester	(1795–1865),	and	he	wrote	it	when	he	was	attaché	at	the	British	Embassy	in	St	Petersburg.	Fox-Strangways	ventured	out	around	the	glittering	imperial	capital	city	for	some	40	versts	(c.	30	miles)	in	all	directions,	exploring	the	alluvium	and	underlying	rocks	around	the	delta	of	the	River	Neva.	Amongst	his	diverse	observations	on	the	roads,	rivers,	villages,	soils,	and	rocks,	Fox-Strangways	mentioned	fossil	orthoceratites,	‘sometimes	a	yard	in	length’	and	two	species	of	trilobite	in	the	‘Pleta’	Limestone	at	Krasnoe	Selo,	identified	as	the	Lower	Silurian	Orthoceratite	
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	 The	transition	from	aquatic	vertebrates	with	fins	and	scales	(fish)	to	those	that	had	limbs	with	digits	(tetrapods),	and	so	could	live	on	land,	is	one	of	abiding	interest	not	only	to	palaeontologists,	but	also	to	the	general	public	(Clack	2012).	Over	the	past	twenty	years,	our	knowledge	has	expanded	more	or	less	exponentially,	with	discoveries	of	Devonian	and	earliest	Carboniferous	tetrapods,	and	the	predecessors	of	the	tetrapods,	the	tetrapodomorph	fishes.			 Nearly	20	taxa	of	Devonian	tetrapods	are	now	recognised,	including	some	still	awaiting	description	and	analysis,	and	they	occur	worldwide	(Clack	2012).	Although	originally	only	found	in	East	Greenland,	some	of	the	most	important	subsequent	finds	were	made	in	Russia	(Fig.	4),	and	the	same	is	true	for	the	tetrapodomorph	fishes	closest	to	tetrapods.	This	section	describes	these	discoveries	and	some	of	the	collaborations	between	Russian,	British	and	other	European	scientists	that	have	helped	build	a	picture	of	this	important	transition.		 In	1984,	Oleg	Lebedev	announced	the	Devonian	tetrapod	Tulerpeton	curtum	from	the	Tula	Region.	This	specimen	consisted	of	a	nodule	containing	a	few	skull	bones	but	also	fore-	and	hind	limbs,	shoulder	girdle	and	parts	of	the	pelvic	girdle,	some	vertebral	elements	and	gastralia	of	a	single	partially	articulated	individual	(Lebedev	1984,	1985).	Intriguingly,	it	shows	several	traits	that	are	more	reminiscent	of	later	Carboniferous	tetrapods	than	the	two	then	known	Devonian	forms,	especially	in	the	shoulder	girdle	and	humerus.	It	was	thought	anomalous,	however,	in	that	the	forelimb	carries	a	
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complement	of	six	digits	rather	than	the	conventional	five.	The	hind	limb,	although	the	pes	is	incomplete,	shows	bases	for	six	toes.	A	series	of	further	publications,	reconstructions	and	analyses	followed,	including	comparison	with	the	trackways	made	by	Devonian	tetrapods	from	Australia.	Collaborations	on	more	detailed	descriptions	were	made	with	J.C.	and	Mike	Coates,	then	in	Cambridge	(Lebedev	and	Clack	1993;	Lebedev	and	Coates	1995).		 Further	discoveries	of	Devonian	tetrapods	with	complete	limbs	put	Tulerpeton	in	context.	All	three	had	more	than	five	digits	(Coates	and	Clack	1990).	In	fact,	Tulerpeton	was	clearly	part	of	a	pattern	of	multidigited	tetrapods,	initiating	new	interest	in	the	evolutionary	developmental	biology	of	tetrapod	digits.	It	generated	new	collaborations	between	palaeontologists	and	developmental	biologists,	previously	quite	separate	research	endeavours,	which	continues	to	this	day	(e.g.	Shubin	et	al.	1997;	Davis	et	al.	2007;	Standen	et	al.	2014).		 The	number	of	toes	was	not	the	only	surprise	of	the	Tulerpeton	find.	Its	geological	context	was	highly	unusual	and	unexpected	representing	a	hypersaline	environment	many	kilometres	from	the	nearest	landmass	(Alekseyev	et	al.	1994).	It	appeared	to	contradict	the	common	previous	assumption	that	tetrapods	originated	in	fresh	waters.	Had	it	been	washed	out	to	sea	as	a	mummified	carcass?	It	surely	could	not	have	been	living	there.	Based	on	the	bias	following	the	limited	evidence	provided	by	East	Greenland,	a	freshwater	origin	had	been	assumed	(but	see	Thomson	1980	for	an	early	alternative	view).	Subsequent	discoveries	have	increasingly	shown	that	a	marginal	marine	or	lagoonal	origin	is	much	better	supported	(Lebedev	2004;	Lukševičs	and	Zupins	2004).	Tulerpeton	was	the	first	Devonian	tetrapod	discovery	to	prompt	questions	about	our	assumptions	on	this.		 Since	the	discovery	of	Tulerpeton,	other	Devonian	tetrapods	have	been	found	in	Russia.	Jakobsonia,	described	by	Lebedev	(2004),	came	from	a	new	locality	with	the	potential	for	further	discoveries.	In	the	northern	province	of	Timan,	further	new	material	awaiting	formal	description	consists	of	isolated	skull	and	girdle	bones	preserved	in	a	limestone	matrix.	These	can	be	extracted	by	acid	digestion	and	reveal	not	only	that	several	of	the	bones	can	be	fitted	together	and	belonged	to	a	single	individual,	but	that	this	new	genus	shows	some	remarkably	primitive	features.	Work	is	in	progress	with	Pavel	Besnosov	and	colleagues	with	J.C.	and	Per	Ahlberg	from	Uppsala	(Ahlberg	et	
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older	events,	most	notably	the	largest	mass	extinction	of	all	time,	the	Permian-Triassic	mass	extinction	(PTME),	which	happened	252	Myr	ago.		 There	are	extensive	basins	of	largely	terrestrial	Permian	and	Triassic	rocks	between	Moscow	and	the	Ural	Mountains,	and	extending	for	some	2000	km	from	the	Arctic	coast	to	the	borders	of	Kazakhstan.	The	Permo-Triassic	boundary	(PTB)	has	been	identified	at	many	sites	throughout	these	basins,	and	evidence	for	the	PTME	found	among	the	terrestrial	tetrapods	in	particular	(Benton	et	al.	2004;	Benton	2015).	The	scale	of	the	PTME	was	huge.	Global	compilations	of	data	show	that	more	than	50%	of	families	of	animals	in	the	sea	and	on	land	went	extinct,	and	regionally	based	studies	show	that	this	equates	to	90%	of	species	loss.	The	cause	of	the	PTME	has	long	been	debated,	but	it	was	obviously	catastrophic,	and	the	balance	of	current	opinion	indicates	that	the	Siberian	Traps	large	igneous	province	provides	the	smoking	gun.		 The	Siberian	Traps	comprise	3	million	cubic	kilometers	of	basalt	lava	that	cover	5	million	square	kilometres	of	eastern	Russia	to	a	depth	of	400–3000	m.	It	is	widely	accepted	now	that	these	massive	eruptions,	confined	to	a	time	span	of	less	than	2	myr	in	all,	were	a	significant	factor	in	the	PT	crisis	(Reichow	et	al.	2009).	Eruptions	of	these	basaltic	lavas	were	accompanied	by	the	escape	of	huge	volumes	of	gases	such	as	methane,	carbon	dioxide,	sulphur	dioxide,	and	others.	Mixing	with	water	in	the	atmosphere,	these	gases	produced	acid	rain,	which	killed	the	land	plants,	and	this	released	the	soils	that	were	also	stripped	off	the	land.	With	no	food,	land	animals	died.	Warming	is	often	associated	with	loss	of	oxygen,	and	seabeds	became	anoxic,	so	killing	life	in	the	sea.	The	CO2	from	the	eruptions	also	caused	ocean	acidification,	which	doubtless	led	to	further	distress	among	shelled	organisms.		 Much	of	the	evidence	for	this	‘standard’	killing	model	(Wignall	2015)	comes	from	studies	of	marine	sediments	across	the	PTB	in	North	Italy,	western	Canada,	Spitsbergen,	Greenland,	and	especially	South	China.	In	marine	sections,	the	end-Permian	sediments	are	often	bioclastic	limestones	or	intensely	bioturbated	mudstones	and	sandstones,	indicating	richly-oxygenated	bottom	conditions	for	life.	In	contrast,	sediments	deposited	immediately	after	the	extinction	event,	in	the	earliest	Triassic,	are	dark-coloured,	often	black	and	full	of	pyrite.	They	largely	lack	burrows	and	indeed	any	fossils.	The	sediments	and	isotope	geochemistry	confirm	a	remarkable	shift	to	anoxic	conditions	just	at	the	time	of	the	PTME.	Further,	a	dramatic	shift	in	oxygen	isotope	values	indicates	a	global	temperature	rise	of	around	16°C.	Climate	modellers	have	shown	how	global	warming	
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Fig. 4. The cladogram shows the relationships as a present understood between some of the 
Devonian tetrapods. The stratigraphical column at the right shows the Russian taxa in red in 
the context of a selection of other taxa and their countries of origin. Russian taxa contribute 




Figure 5. The Permo-Triassic boundary in Russia. (a) The Kulchomovskaya Svita (latest 
Permian) below the ledge, and the Kopanskaya Svita (basalmost Triassic) above, in the 
Korolki Ravine, near Sol-Iletsk, on the south-western margin of the Urals, Asiatic Russia. 
Mikhail Surkov, M.J.B. and Valentin Tverdokhlebov inspect the sandstone lying right at the 
boundary. (b) Graeme Taylor drills rock plugs for magnetostratigraphic analysis in the 
Boyevaya Gora PTB section, South Urals, assisted by M.J.B. (c) Overview of the fates of 
tetrapods from the Middle Permian to Middle Triassic, showing that only prcocolophonids 
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Figure 6. A timeline of key sites and events in Britain’s human past. The climate curve is a 
combination of deep-sea records, and corresponds to global ice volume. This gives an 
indication of changing climatic conditions through time. Copyright The Trustees of the 
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